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DISS iS sSion A CONCTRUSIONS. f Ge 2 in 2 te ew ee ee dD 


The use of trade, firm, or corporation names in this publication is for the information and con- 
venience of the reader. Such use does not constitute an official endorsement or approval by the 
U.S. Department of Agriculture of any product or service to the exclusion of others which may 
be suitable. 


Abstract 


Soil fumigation has improved production of Douglas-fir, 
western white pine, Engelmann spruce and ponderosa pine 
stock at two northern Rocky Mountain nurseries. The better 
fumigation treatments substantially reduced weeds, losses 
from diseases and insects, and generally resulted in larger 
stock with improved survival potential. These benefits more 
than compensated for the cost of fumigation. Fumigation has 
also resulted in greater operational efficiencies by providing 
more predictable and more uniform seedling stands. Late 
summer fumigation with methyl-bromide based fumigants has 
provided the most dependable overall improvement in 
nursery operation. 


PESTICIDES PRECAUTIONARY STATEMENT 


This publication reports research involving pesticides. It does 
not contain recommendations for their use, nor does it imply that the 
uses discussed here have been registered. All uses of pesticides 
must be registered by appropriate State and/or Federal agencies be- 


fore they can be recommended. 


CAUTION: Pesticides can be injurious to humans, domestic animals, 
desirable plants, and fish or other wildlife--if they are not handled 
or applied properly. Use all pesticides selectively and carefully. 
Follow recommended practices for the disposal of surplus pesticides 
and pesticide containers. 


INTRODUCTION 


Research personnel of the Intermountain Forest and Range Experiment Station have 
been experimenting since 1961 with soil fumigation as a means of improving conifer 
nursery stock and reducing production costs. These experiments have been in coopera- 
tion with nursery personnel of the Northern Region of the USDA Forest Service, the Dow 
Chemical Company, and Stauffer Chemical Company! and were conducted at the Forest 
Service's Coeur d'Alene nursery, near Coeur d'Alene, Idaho, and at the Savenac nursery, 
located at Haugen, Montana. 


Until 1964 soil fumigation was conducted at the above nurseries on an experimental 
basis only. By then it was obvious that, in spite of the high cost of fumigation, the 
benefits generally exceeded the cost by a wide margin. Since 1964, most of the Coeur 
d'Alene seedbeds have been fumigated on an operational basis prior to the sowing of 
each conifer crop. 


1The assistance of the following personnel is gratefully acknowledged: Nurserymen 
James W. Augenstein (retired) and Lee L. Mason; Assistant Nurserymen David A. Gibney, 
Frank Salomonsen, and Steven McDonald; Nursery Technicians Mrs. Bea Fisher and John 
Isaacson; Mr. Jack Fisher, Dow Chemical Co.; and Mr. Graham Randall, Stauffer Chemical 
Company. 


CONDITIONS, 
MATERIALS, 


FUMIGATION METHODS 


Soils of the Coeur d'Alene nursery, where most of the trials were conducted, are 
well-drained sandy loam underlain by water-sorted sands and gravels. Surface-soil pH 
averages 6.2; organic matter content ranges from 2.6 to 4.2 percent. The site is 
located at an elevation of 2,500 feet and was previously forested with ponderosa pine 
(Pinus ponderosa Laws.)* 


Savenac nursery soils involved in fumigation studies are well-drained loams and 
silt loams derived from stream and glacial outwash deposits. The original vegetation 
of this site was a mixed conifer type, Douglas-fir [Pseudotsuga menztesit var. glauca 
(Beissn.) Franco], grand fir [Abtes grandis (Dougl.) Lindl.], western larch (Larix 
oeetdentalts Nutt.), and lodgepole pine (Pinus contorta Dougl.). Surface soil pH 
averages 6.6 with an organic matter content of about 2 percent.? 


After some promising trials of soil fumigation at both Savenac and Coeur d'Alene 
in 1960, serious experimentation was started at the Coeur d'Alene nursery in the fall 
of 1961. By 1962, it was obvious that a more complete evaluation was needed. Conse- 
quently, in 1963 a major fumigation test was initiated. This included both spring and 
fall fumigation, a number of additional promising fumigants, varied rates of application 
for some, and applications at both the Coeur d'Alene and Savenac nurseries (table 1). 
Soils treated with each fumigant at these two nurseries were broadcast sown with 
stratified, but otherwise untreated, western white pine (Pinus monttcola Dougl.), 
Douglas-fir, ponderosa pine, and Engelmann spruce (Picea engelmannit Parry). 


Since the 1963 trials, all of the operational fumigation areas have been closely 
observed, usually with some unfumigated check areas incorporated into the program, to 
provide continued monitoring of fumigation effectiveness. Additional species have 
been grown in fumigated soils including grand fir, western larch, and lodgepole pine. 


2R. C. McConnell and M. G. Klages. Forest nursery soils of northern Idaho and 
western Montana. Mont. Agr. J Exp.. Sta. Bull 065) S552 pr oll lus pee oG ge 


All fumigants were applied according to the manufacturer's recommendation. 
Fumigants containing methyl bromide (Brozone, Trizone, and MC-33; see table 1, footnote 
2) were covered with polyethylene tarpaulins immediately after injection. Vidden-D, 
M-2441, and M-2467 were injected in the same manner as the methyl bromide-containing 
fumigants, but were sealed with sprinkler application of water. Most of the Vapam was 
applied with a gravity-flow dribble applicator, and the soil immediately rototilled, 
roller-packed, and water-sealed. In the 1963 spring fumigation, the 40-gallon-per-acre 
rate of Vapam was sealed with polyethylene. All fumigants were applied at soil temper- 
atures above 55 F. with soil moisture near field capacity. In the 1961 fall and 1963 
spring trials, each replication contained one unfumigated control plot. Alternate beds 
were fumigated in the 1963 fall fumigation so that each fumigated bed had an unfumigated 
check bed adjacent to it. Soil fumigation after 1963 has been on an operational basis 
with entire "sections" (the area between overhead sprinkler pipes spaced at 50-foot 
intervals) fumigated and results compared with unfumigated ''sections.'' Either Trizone 
or a 2:1 mixture of methyl bromide and chloropicrin have been used in these operational- 
scale fumigations. 


Table 1.--Summary of conditions represented in sotl fumigation studtes conducted at the 
Coeur d'Alene (CdA) and Savenaec nurseries 


: : ; Fumigant 
. Species . Fumigation ; : : : : : : 
- Brozone : Trizone :MC-33 : Vapam : Vidden-D :M-2441 :M-2467 


Location . sown time 
- - - -lb.facre- --- ------ gal./aecre- - - - - - 

CdA WWP ,PP Fall, 1961 170 140 -- -- -- -- -- 
DF,ES 340 180 a2 = ae =e ae 
CdA GF, DF, spring, 1965. 110 140 170 340 50 50 50 
PERES 170 200 300 80 -- -- -- 
340 bes = = ge = a 
CdA & WHE DE, = Falds” 1963 110 140 170 40 50 50 50 
Savenac PPS ES 170 200 300 80 -- -- -- 
340 <= aes ings as a= a 


lFor the fall 1963 fumigation, all species were sown only in the spring at both 
nurseries except for western white pine, which was sown both in the spring and the fall 
at Coeur d'Alene and only in the fall at Savenac. WWP = western white pine; PP = pon- 
derosa pine; DF = Douglas-fir; GF = grand fir; and ES = Engelmann spruce. 
2Brozone = Methyl bromide (68.6%); Chloropicrin (1.4%); inert (30%) - Dow 
Chemical Co. 
Trizone = Methyl bromide (61%); Chloropicrin (30%);3-Bromopropyne (6.8%) - Dow 
Chemical Co. 
MC-33 = Methyl bromide (66.7%); Chloropicrin (33.3%) - Dow Chemical Co. 
Vapam = Sodium N-methyldithiocarbamate - Stauffer Chemical Co. 
Vidden-D = 1,3-dichloropropene, 1,2-dichloropropene; 2,3-dichloropropene; 3,3- 
dichloropropene and related chlorinated hydrocarbons (100%) - Dow 
Chemical Co. 
M-2441 = Vidden-D (80%); Chloropicrin (20%) - Dow Chemical Co. 
M- 2467 = Vidden-D (90%); 3-bromopropyne (10%) - Dow Chemical Co. 
3Sealed with polyethylene tarp; all other Vapam treatments water sealed. 


WEED CONTROL 


METHODS 


The effects of fumigation on weed control have been evaluated by periodic sample 
counts of weeds on three or four randomly selected l-square-foot plots during the first 
growing season and the early part of the second. Weed counts were followed by hand 
weeding. When possible, time studies of hand weedings were conducted to relate labor 
cost to weed density. Greenhouse germination of weeds from soil samples taken at 
various soil depths provided information on the residual weed-seed population and its 
control by fumigation. Experimental design and statistical analyses were obtained by 
standard randomized block layouts and analysis of variance, by paired-sample t-test 
procedures, or by regression analysis, 


EFFECTS ON WEED POPULATIONS 


Weed control has been an outstanding, readily visible feature of the benefits of 
soil fumigation (figure 1), Most of the fumigants consistently resulted in substantial 
reductions in subsequent weed populations; this was especially apparent during the 
early part of the first growing season following fumigation (table 2). Fumigants that 
did not show a positive control of weeds were: (1) Vapam applied 40 gallons per acre 
and not covered by tarpaulins; (2) Brozone applied 110 pounds per acre; and (3) Vidden-D 
applied 50 gallons per acre. 


In general, those products containing 1,3 dichloropropene and related hydrocarbons 
(Vidden-D, M-2441, and M-2467) were not as effective in controlling weeds as were the 
methyl bromide-based fumigants or Vapam. In the 1963 spring fumigation, which was less 
influenced by a post-fumigation influx of windblown weed seed than any of the fall 
fumigations, weed control was roughly proportional to the amount of methyl bromide and 
3-Bromopropyne (propargyl bromide) in the fumigant. Vapam applied at 40 gallons per 
acre and sealed with a polyethylene tarpaulin was as effective as the water-sealed 
material at twice this application rate. 


Periodic weed counts showed that the effects of fumigation on weed populations 
tended to diminish during the summer. By September 1963, there were no significant 
differences in weed population which could be attributed to fumigation; nor was there 
any carry-over effect into the second growing season. Apparently weeds germinating on 
the treated plots in late summer and the following spring originated from windborne 
seed, 


Table 2.--Effects of sotl fumigation on weed density, Coeur d'Alene and Savenac 


Trial 


1961 (Fall)? 
Coeur d'Alene 
(counted 6/25/62) 


1963 (Spring) 
Coeur d'Alene 
(average of four 
counts during 1963 
growing season) 


1963 (Fall) 
Coeur d'Alene 
(counted 6/24/64) 


1963 (Fall) 
Savenac 
(counted 6/17/64) 


nursery sotl fumigation trials, 1961+=1963 


Fumigant 


(amount applied/acre) 


Brozone (170 1b.) 
Brozone (340 1b.) 
Trazone (240 kb.) 
Trizone (180 1b.) 
Unfumigated 


Vapam (40 gal.) 
Brozone (340 1b.) 
MC-33 (300 1b.) 
Vapam (80 gal.) 
Brozone (170 1b.) 
Trizonée (Z00 “1b. ) 
M-2467 (S50 gal.) 
MC-33 (170 1b.) 
Trizone (140 1b.) 
Vidden-D (SO gal.) 
M-2441 (50 gal.) 
Brozone (110 1b.) 
Unfumigated 


Trizone (200 1b.) 
Brozone (170 1b.) 
MC-33 (170 lb.) 
Brozone (340 1b.) 
Vapam (80 gal.) 
M-2467 (S50 gal.) 
Vidden-D (50 gal.) 
Trizone (140 1b.) 
M-2441 (50 gal.) 
MC-33 (300 1b.) 
Brozone (110 1b.) 
Vapam (40 gal.) 
Unfumigated 


Brozone (170 1b.) 
Brozone (340 1b.) 
Trazone (200) 1b.) 
Vapam (80 gal.) 
MC=-33 (170 1b.) 
MC-33 (300 1b.) 
M-2467 (50 gal.) 
Trizone (140 1b.) 
M-2441 (50 gal.) 
Vidden-D (50 gal.) 
Brozone, (ll0: Ib.) 
Vapam (40 gal.) 
Unfumigated 


Weeds per 
square foot! 


! 
4 
‘ 
‘ 
| 


'Vertical lines indicate those population estimates that are not significantly 
different at the 95% probability level. 


2No statistical test made. 


There was some long-range weed control resulting from a single fumigation. Follow- 
ing the 1963 fall fumigation, soil samples were taken in selected plots, both fumigated 
and unfumigated, to a depth of 6 inches. The surface inch of soil was discarded to 
eliminate weed seed which had blown in since fumigation. Samples of the remainder of 
the soil were then spread on containers in the greenhouse, and weeds counted as they 
germinated. A total of only six weeds germinated on 37 samples of fumigated soils; in 
contrast, 33 samples from unfumigated soils supported a total of 425 weeds. Fumigation 
virtually eliminated viable residual weed seed to a depth of at least 6 inches. Many 
of these weed seeds have a prolonged viability and might eventually be brought to the 
surface by cultivation where they could germinate; thus, the treatments should provide 
some long-range weed control benefits. 


A similar test of weed control was made in the fall of 1965 comparing soils 
operationally fumigated with Trizone at 200 pounds per acre with unfumigated soils. 
Soil samples were collected on October 10 after an early September fumigation. The 
soil had not been disturbed in the period between fumigation and sampling. Twenty-four 
randomly selected locations were chosen in both fumigated and unfumigated areas. At 
each location a sample was obtained from each of three levels beneath the soil surface: 
1 to 2 inches; 4 to 5 inches; and 8 to 9 inches. Weeds were then germinated from 
measured subsamples in the greenhouse with the following results: 


Sotl depth Nunber of weeds per sample 


(Inches) Fumt gated Unfumt gated 
ae Oa’) 44.9 
40-5 7.4 46.0 
8 - 9 5.4 29/16 


Differences in weed population between fumigated and unfumigated soils were highly 
significant (99% probability level). 


The deep-action effect of fumigation on residual weed seeds, as demonstrated in 
these two tests, promises to provide a reduction in weed population for future crops. 
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None of the fumigation treatments tested have eliminated weeds. Some hand weeding 
has been required to control deep-rooted perennials, weeds from windblown seed, and, 
no doubt, weed seed which escaped fumigation due to imperfect application techniques. 
Much of the effort spent in fumigation can be lost if weeds, which become established 
in spite of the best fumigation efforts, are not removed or killed prior to their seed 
maturation and dispersal. 


EFFECTS ON WEED CONTROL COSTS 


Hand-weeding time studies were made during the 1963 spring and fall fumigation 
trials at Coeur d'Alene. A range of weed densities provided by fumigation treatments 
were correlated with weeding time and cost. Figure 1 shows the relationship between 
number of weeds, weeding time, and fumigant treatment for a total of four hand weedings 
during the first growing season in the 1963 spring fumigation trials. Unfumigated beds 
with approximately 22 weeds per square foot required nearly 400 hours of hand-weeding 
time per acre; weeding time was below 300 hours per acre on fumigated beds. The better 
fumigants reduced weed populations to less than 10 weeds per square foot and weeding 
times to under 200 hours per acre. 


For seedbeds fumigated in the fall of 1963, time records were obtained for a 
single hand weeding in late June of the following year (figure 2). Weeding time for 
given weed densities ran higher than those for spring fumigation because the weeds 
were larger and greater care had to be used in removing them to keep from damaging 
tree seedlings. Unfumigated beds, and those fumigated with Brozone at 110 pounds per 
acre and Vapam at 40 gallons per acre (not covered by tarpaulins), had two to three 
times as many weeds as the more effective fumigants. Weed populations were generally 
higher in this test than in the 1963 spring tests due to the accumulation of windborne 
seed during the fall and winter following fumigation. 


These two analyses (figures 1 and 2) indicate that, on the average, 10 fewer weeds 
per square foot should result in a reduction of 137 to 155 hours per acre in weeding 
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time within the density ranges sampled. At a labor cost of $2.50 per hour, this would 
represent a savings of $342 to $387 per acre. For the more effective fumigants, which 
reduced weeds by over 20 per square foot, the savings in labor were generally over 
$700 per acre and ranged as high as $1,000 per acre. 


Hand weeding is not, however, the only alternative to weed control. Herbicides, 
including the aromatic oils, and mechanical cultivation are successfully used at many 
nurseries to reduce weed populations and minimize hand work. Aromatic oils are 
successfully used on most species at Savenac, but have never been a dependable weed 
control measure at Coeur d'Alene without the risk of damage to the conifer crop. As 
yet, none of the synthetic herbicides has been useful except on non-crop areas such as 
fence lines and irrigation pipelines. Mechanical cultivation between drill rows has 
been abandoned because of the danger of soil splash on small seedlings. However, fumi- 
gation as a weed control measure alone is financially justified at Coeur d'Alene where 
conditions are characterized by: high residual weed seed population; weeds resistant to 
selective herbicides; crop species for which there is no suitable selective herbicide; 
and soil conditions which prevent mechanical cultivation. 
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DISEASE CONTROL 


METHODS 


Sample plots sown with known numbers of seed, nursery inventory data, and periodic 
counts of dead and dying seedlings were used to evaluate the effects of soil fumigation 
on the control of seedling diseases. Differences in germination and seedling survival 
were judged to be caused primarily by treatment effects on pathogenic fungi, but effects 
on nematodes and insects may have contributed to these differences. Plot design and 
statistical analysis used in the disease control evaluation were the same as those used 
in evaluating weed control. 


EFFECTS ON SEEDLING PRODUCTION 


In the 1961 tests, fumigated seedbeds had from 20 to 150 percent more seedlings 
than unfumigated beds, based on a September inventory of the 1-0 stock. Average 
increases were greatest for Douglas-fir (66%), followed by western white pine (57%), 
Engelmann spruce (39%), and ponderosa pine (32%). Germination and post-emergence 
mortality patterns indicate that fumigation reduced pre- and post-emergence mortality 
about equally well in Douglas-fir, ponderosa pine, and Engelmann spruce. Western 
white pine stand increases in fumigated soils, however, must be attributed largely to 
control of pre-emergence mortality since post-emergence mortality was greatest in the 
fumigated beds. Brozone applied at 340 pounds per acre produced the greatest average 
yield increase (98%), followed by Trizone at 180 pounds per acre (48%), Trizone at 
140 pounds per acre (32%), and Brozone at 170 pounds per acre (17%). 


A number of the 1963 fall fumigation treatments at Coeur d'Alene provided sub- 
stantial and significant increases in seedling production of 2-0 stock (table 3). The 
production of western white pine was significantly increased by all of the methyl 
bromide-based fumigants, except the lowest rates of Trizone and Brozone, and by both 
application rates of Vapam. Increases in the 2-0 seedling stand, for effective treat- 
ments, ranged from 50 to 97 percent, with Trizone at 200 pounds per acre providing the 
largest increase. 


Douglas-fir production results were similar except that neither the highest rate 
of Brozone (340 1b./acre) nor the 40 gallon per acre Vapam treatments were effective 
in increasing production, The effective treatments provided increases in Douglas-fir 
production of 23 to 144 percent. MC-33 at 300 pounds per acre was outstanding with a 
144 percent increase in the 2-0 stand. 


Engelmann spruce production was increased significantly by two fumigants (Trizone 
at 140 1b./acre and Brozone at 170 1b./acre). Other production gains probably were 
present although they are not statistically significant. Replications may have been 
inadequate to remove the effect of the great variability in disease incidence in the 
nursery fields. Percentage increases in spruce production ranged from 115 to 133 
percent. 
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Ponderosa pine production was, in general, the least affected by fumigation. Only 
Vapam at 80 gallons per acre provided a significant increase (39%) in 2-0 seedling 
production. None of the dichloropropene base compounds (Vidden-D, M-2441, or M-2467), 
nor the lowest rate of Brozone, resulted in any significant changes in plant production. 


In seedbeds fumigated in the fall of 1963, the post-emergence mortality during the 
first growing season was generally only slightly greater in unfumigated than in fumi- 
gated seedbeds. Also, the magnitude of differences in the 1-0 stands in fumigated and 
unfumigated beds was about the same as the 2-0 stand differences. Thus the treatment 
effects on overall plant production seem to have been primarily the result of reductions 
in pre-emergence losses. 


The effects of fumigation on the ultimate production, and therefore, by inference, 
on the incidence of disease losses, were highly variable with significant block effects 
as well as significant treatment effects. A particular treatment tended to look 
effective or ineffective depending on whether it happened to fall in an area of high 
disease incidence and virulence or in an area where conditions were naturally unfavor- 
able for the pathogen. The design of the trials was generally not adequate to remove 
the effect of such differences and provide good statistical information on the relative 
effectiveness of the various fumigants. 


The effects of the 1963 fall fumigation at the Savenac nursery were similar to 
those at Coeur d'Alene. Production of 3-0 Engelmann spruce stock was increased from 


21 to 35 percent by MC-33 at 300 pounds per acre, Trizone at 200 pounds per acre, and 
Brozone at 170 pounds per acre. Although sampling of other species was not sufficient 
for a good statistical test, it was obvious that western white pine production was 
greatly benefited by MC-33 at both rates, Trizone at 200 pounds per acre and by Vapam. 
Savenac ponderosa pine was least benefited by fumigation but did display increases in 
production with the better fumigants such as Trizone at 200 pounds per acre. 


Spring fumigation, unlike the fall fumigations, provided no detectable control of 
disease losses. Neither post-emergence damping-off nor the 1-0 stand densities were 
Significantly different on fumigated and unfumigated soils. In fact, seedlings growing 
in fumigated soils were often stunted and chlorotic. If fumigation provided some 
disease control, it was masked either by fumigant toxicity or unknown secondary detri- 
mental effects. While there may be some advantage to sowing as soon after fumigation 
as possible, Coeur d'Alene spring weather is generally not warm enough to bring the 
soil temperature up to suitable fumigation levels until mid-May, which is generally 
several weeks beyond the optimum sowing date. This delay in sowing, plus the additional 
delay imposed by allowing time for the chemicals to dissipate from the soil, makes 
spring fumigation impractical. 


SEED COST SAVINGS 


The higher seedling survival promoted in the nursery beds by fumigation can result 
in appreciable savings through lower seed costs. The amount of savings depends not 
only on the effectiveness of disease and insect control, but also upon the desired 
seedbed density and upon seed costs. 


Using a final density goal of 40 seedlings per square foot, savings in seed cost 
have ranged as high as $1,100 per acre for a fumigation investment of approximately 
$400 per acre. This occurred in Douglas-fir seedbeds at Coeur d'Alene which have been 
particularly subject to disease losses. Seed cost savings have been highest with 
Douglas-fir, western white pine, and ponderosa pine. Savings with Engelmann spruce 
and western larch have been relatively small due to the low cost per unit count of seed. 


11 


SEEDLING GROWTH 


METHODS 


The effects of soil fumigation on seedling development have been evaluated by 
observation and by measurement of the following characteristics on three to four ran- 


domly selected groups of 10 seedlings from both fumigated seedbeds and their paired, 
unfumigated controls: 


Height of shoot 

Weight of shoot (ovendry basis) 
Stem diameter (at root collar) 
Shoot-root ratio (by weight) 
Weight of roots _(ovendry basis) 
Root area index 


Most of the results are based on the 1963 fall fumigation trials at Coeur d'Alene and 
Savenac. Only those fumigation treatments which seemed to have provided the most 


effective pest control and the best growth responses were included in the sample 
measurements. 


EFFECTS ON SEEDLING SIZE 


Soil fumigation at Savenac and Coeur d'Alene has caused a variety of seedling 
growth responses ranging from a definite depression of growth to substantial increases 
in seedling size. In the 1963 spring fumigation, for instance, a number of treatments 
caused reduced growth and seedling chlorosis. There were no obvious increases in 
seedling growth resulting from spring fumigation. 


In the 1963 fall-fumigation trials, measured seedlings provide results ranging 
from 'no-effect" to substantial and significant increases in the size characteristics 
of 2-0 and 3-0 seedlings (figure 3 and table 4). In general, seedlings grown in 
fumigated soils were larger than those from unfumigated soil. In about 22 percent of 

~ the individual comparisons which were made, this difference proved significant at the 
95-percent level of probability or greater. There were not enough differences in the 


3A technique (similar to the "root titration" measurement used by many nursery 
workers) in which the relative surface areas of root systems are determined by dipping 
the roots in a dilute water-india ink suspension, draining, washing the roots in water, 
and colorimetrically measuring the amount of ink transferred. The recorded difference 
in light transmittance is the "root area index." 


12 


"Teas, ATT TQeqoud 266 ev YUROTFTUSTS SodUdTOTFIGy 

"ToaoT Ajtttqeqoad %¢G Ye JUROTJTUBIS sodUdLTOFZFICGy 

*yo0I1S Q-¢ SB pornseow sem ALOSInu deUaAeS Je aoOnads uuPuTadsug 

*s9012 OT = oTdwes yorq *szoor pue sdoq go system AXLpudAO worz poqnduod ot.eI 2001/}00YS, 
*sTseq ALPUDAQ , 


Gils LSng -26ac so° O¢° So) ex Sie S8° QOm el 5c S22 TOT oe £°2 S<¢ [Re OS eer ("qT OL1) euozozg 

OS ViC ace OS ae mon.0 Ons Oo Sun Cae SORT S482) a Oly 392 S88 oe SG 8.o +a2 1 Set sian Ok ("41 00S) £¢-OW 

Sos LOST S9ZaS ZOr= 8S 95 60° SZ ecu l Cal 43-8) Z°8 0° O°¢ O's [AL EAUGeaVe Ge ("qT 007) ouozt4y 
DEUDABS 

SOS LORS OSES 10° LES 8s" LO = LOE Ceue2 Ol Ue 8°8 6°8 0° Cpe Cae Sig Gin Ci Kee ("QI Ope) ouozoag 

9c" DA AES Soe 82" OSs* Vein 997 eGo Dl Srz- SeGi “£58 [he Sas 6°72 L£ = 9°5e 6ake ("QI 00£) ££-OW 

ave PALS ASS OO aE RLO: Lon 80° GOR 20 oC) 655 8S 01 196 i= (a, aes, bs OFCa Ee (°qI 00%) euozt4y 


ausTy,p 4na0) 


Gore OG co Tuts ust gs* zs* »eg* 9 08%) sovpe =- -- -- he be we 40S $96 Sf dr Ozt) auozong 

LG GeariGR’tesocne Abe: fe" 89" bo°L G6" S eeee i-= -- =- 8° 2) OS 076 ESor ("qt 00f) ¢¢-OW 

ecc0un "OG T (867c = S0°- Sp° “%hp" «98° 88° “eet == -- -= ga" 9°2 6°2 wx8'h 6°S L°ST (aT 002) suoztay 
¢ DBUSARS 

PO So caseoce tO" AR. TS" ON me Se-F ace ie ec) Score sador oS GZ Cie as” rs 678 ("QT 00Z)_ euoztay, 
aueTV,Pp ana04 

AONdS NNVWISONA 

Sou OP's t2'% 90" “or vs: 10 eGi On bens. Je nn coun if (ier OO eras 8°0L O'IT (QT OZT) euozo1g 

fx09~ Belt CRS @ TOs zc" se" 9¢° = .cG> Te" OT Oz 0°38 «T° G72 §°o “APsZ, V6O © 06 ("qT 00S) ¢¢-OW 

eecn, §S0°C SS*Z weZ0" (62° OP" aaSh" OS" SOT axes Ltr 6° “S" Vi 26 ConaGee “RG er6 ("41 002) ouoztay 
ausTY,P an90) 

uld-svTonog 

Room Le T. Gpue. OO ie") ez" UM ewe cho Re Ae A be Oe Ie Sot — hee Bis ("Ted 0g) wede, 

Meca CG ple) aCe SRT 87" «SZ Ree Bigey snabiciteng. snorce PS" Gites CS aS Oe aeS ("a1 Ope) euozozg 

Peon ean 0° cz Sz TES ee oer tow pe et i Cab Oe Tot, Goce bogs ("qT 00S) ¢¢-OW 

Coe GOS. 092% Gar ez* 62° 9%7° 8h’ OT Osh 1 ee9" as" Go Sear Rr Ame so m/e ("qT 00Z) euozt4y 
OPUDAPS 

Oi BS. Cour. ‘sitt= sg" sen OT R205 L9" ten Oip= cSt 69 0° tae oS, ih i a Aa) ("1e3 0g) wedea 

woe SOD Ts SOSE 9) Of oer Sf" “ster Te “2o"t <°s e%ot -o8cT az S20 67S «Th eo" SE“On ("aT 00S) ¢¢-OW 

79.0 T2*T So? SO"0- ZrO; fet - STO ZAG geo 9:0 e2 F's TO: acre we oe, een cue tan ("qt 00Z) euoz try, 
susTY,Pp snes05) 

ANId SLIHM NUALSIM 
----"6---- ----*§---- -- - tule eee ee Rt RK 


“FFTG “unzuy ‘umg 2" FFTC “ungzun “wmy i" ¥zFtq “wnguq “umyl "FTG “wnzun “wmy © FFG “uNzuQ “umy = “FFtq ‘“wnzuQ “umy: (etde/pottdde yunoue) 
zOTIPL 2OOI/JOOYS : {2UBTOM 004 ; tus TOM dol, : xoput eoae yOoy : Jojouletp ways : yystey doy > quouqeer, 4 ArtosanN 


uorzpbiumns 17ef S96T 
“sadesdnu opuaang pub auezy,p 4ne0g 7 umoub yoo48 g-g fo saqnq1u49zD az18 uo uo1gHnbiumsf 7108 fo qoaffa--'b eTqeL 


14 


Fumigated 
Ponderosa pine (2-0) 
Coeur d’ Alene nursery 


Fumigated Unfumigated 
Douglas-fir (2-0) 
Coeur d’ Alene nursery 


Unfumigated 
Engelmann spruce (3-0) 
Savenac nursery 


Fumigated 3 


Unfumigated 
Ponderosa pine (2-0) 
Savenac nursery 


Fumigated Unfumigated 
Western white pine (2-0) 
Coeur d’ Alene nursery 


Figure 3. — Some representative 
samples of the effects of 
soil fumigation with MC-33 
at 300 pounds per acre on 
the size of conifers grown 
at Coeur d’Alene and Savenac 
nurseries. (Background 
grid = 2-inch squares. ) 


effects of individual fumigants to warrant a preference for any of the methyl bromide- 
based formulations. The effects of Vapam were measured only on western white pine and 
are inconclusive. None of the fumigants caused any significant changes in the measured 
characteristics of ponderosa pine at Coeur d'Alene. Douglas-fir had the largest 
proportion of significant increases of seedling size, followed by spruce, western white 
pine, and ponderosa pine. 


Most of the estimates of the effect of fumigation on seedling size are probably 
conservative since the higher densities, typical of most fumigated seedbeds, tended 
to independently reduce most seedling size characteristics. The growth of western 
white pine seedlings at Savenac in thinned and unthinned beds demonstrates these 
relationships (table 5). Although fumigation generally resulted in larger stock at 
both high and low densities, the high-density seedlings grown in fumigated soil were 


Table 5.--Size characteristics of 2-0 western white pine seedlings grown at low 
(55/sq. ft.) and high (153/sq.ft.) seedbed densities in fumigated and 
unfumigated soil 


Seedbed 


Characteristic : Fumigated! : Unfumigated! 
density : 

Top height (cm.) Low 6.0 cle 4.9 
= k* ee 
High 71-7 5.0 
Stem diameter (mn. Low 24, cot D2 
( ) K* ye 
High TSS eee ey, 
Root-area index (units Low Teel: x 5.5 
( ) eee oa BT eg 
High SoS _ 52 

Top dry weight : Low 0.93 eas 0.50 
p dry weight (g.) e2 ee 

High On45a 0.31 

Root dry weight : Low 0:35 aX 0.28 
y weight (g.) i See 

High Galen © Qe 

Shoot/root ratio Low 2.08 ‘ 1.82 
(dry weight basis) Pr aa 

High 2.66 #* 2.06 


lasterisks between any horizontal or vertical pair of the four means given for 
each characteristic indicate a significant difference at the 95% (*) or 99% (**) 
probability level. Dashed lines (--) indicate no significance. Symbols within the 
diagonal lines mean that the test applies only to the means connected by the diagonal 
laine: 


15 


generally smaller than seedlings grown at low density in unfumigated soil. Thus, in 
this extreme case, the density effects have completely concealed the true fumigation 
effects. If all of the size comparisons could have been made at common densities, both 
the magnitude and number of significant differences in seedling size would probably 


have been greater. 


In general, the increases in seedling size characteristics associated with soil 
fumigation can be considered beneficial. Seedlings grown in fumigated soil are general- 
ly large enough to outplant at an earlier age than those from unfumigated soils. Even 
ponderosa pine, which showed no increase in size in the 1963 fall-fumigation tests at 
Coeur d'Alene, has responded to subsequent operational fumigation with improved growth 
and a higher percentage of trees developing fascicled needles during the first growing 
season. This improved growth has permitted the shipment of 1-0 ponderosa pine stock. 
Production time for Engelmann spruce stock has been shortened by 1 year, and some 1-0 
Douglas-fir may be plantable. A l-year reduction in time to produce seedling stock is 
equivalent to a cost savings of $3 to $4 per thousand or $3,000 to $4,000 per acre. 


In one respect, however, the increased seedling growth may be detrimental. Seed- 
lings from fumigated soils consistently have higher shoot-root ratios than those from 
unfumigated soil (table 4), indicating a poor "balance" of tops to roots. This has 
resulted not from a decrease in root weight, but rather from a proportionately greater 
increase in top weight than root weight. It seems that this effect may be, at least 
partially, an artifact resulting from standard lifting depth and root-pruning lengths, 
regardless of seedling size. Just how high the shoot-root ratio can go before it re- 
duces field survival and growth is not known. To limit the development of high ratios 
in fumigated soils, nurservmen might wish to place greater emphasis on cultural prac- 
tices such as root pruning in place or "root wrenching." 


The reasons for improved seedling growth in fumigated soils are not clear. It is 
unlikely that the improvement can be attributed to reduced weed competition since both 
fumigated and unfumigated beds were kept relatively weed free. Reduced populations of 
soil organisms may have resulted in better nutrition of seedlings--or in a reduction of 
sublethal infections which could reduce growth without killing the seedlings. 
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OUTPLANTING 
SURVIVAL 


METHODS 


The survival potential of nursery stock grown in fumigated soil has been tested by 
a nursery-based "moisture-stress-plot" procedure rather than by field planting tests.? 
Stock (2-0) from the 1963 fall-fumigated test was used in this phase of the work. 
Seedlings from the same treatments used in the evaluation of growth (those shown in 
table 4) and from adjacent unfumigated beds were lifted in late April of 1966, stored 
until late May, and planted in the moisture-stress plots. All test seedlings were 
kept well-watered until July 1. The seedlings were then subjected to three moisture- 
stress regimes during the remainder of the growing season. Three random samples of 24 
seedlings were tested for each species-fumigant-moisture stress combination. Survival 
was determined at 2-week intervals during the first growing season. 


"Raymond J. Boyd and others. Moisture-stress-plot evaluation of nursery stock 
survival and growth potential. Western Forest Nursery Counc. Proc. 1968: 34-39, illus. 


EFFECTS ON SURVIVAL 


Except for the Coeur d'Alene ponderosa pine, and western white pine grown at very 
high densities, soil fumigation seems to have increased the survival potential of the 
stock (table 6). Differences were not great and the results were quite variable. 
Particularly notable were the 9 and 16 percent average increases in survival of Douglas- 
fir grown in fumigated soils and tested under severe and moderate moisture-stress 
levels, respectively. Fumigation significantly reduced the survival potential of pon- 
derosa pine grown at Coeur d'Alene and tested at the moderate moisture stress level. 

In western white pine, both at Coeur d'Alene and at Savenac, there was no significant 
effect of fumigation on survival potential at any moisture stress level. 


Although there is evidence that fumigation may reduce the survival potential of 

2-0 ponderosa, this may not be a problem under the current practice of planting 1-0 
rather than 2-0 stock. Fumigation, by stimulating early growth, may bring about severe 
competition at an earlier age. Thus 2-0 stock grown in fumigated soil may be suffering 
from rather severe competition which could be reflected in reduced survival capabilities. 
In contrast, the 1-0 stock is still relatively free growing in the nursery beds. Some 
recent field tests show that there is very little, if any, difference in field survival 
of 1-0 and 2-0 ponderosa pine grown in fumigated nursery soils. 


Table 6.--Effects of motsture stress on survival of outplanted 2-0 stock grown in 
fumtgated and wmfumigated soils 


Nursery and : Low stress : Moderate stress 3 Severe stress 
BRGeAeS ; Fun. “Unttum. “Ditty <8 Fume 2 Unbum) Darien | se bUmen miUmectimian ) aetstar 


------------ Percent suvival = se 


Coeur d'Alene 


Ponderosa pine 96 O7. -] 86 92 =0ig 60 70 -10 
Douglas-fir 92 89 3 71 55 16* 46 55 Om 
Western white pine 94 97 =15 92 iat 1 0 1 =] 
Savenac 
Ponderosa pine 96 96 0 95 86 9 62 BS) 9 
Western white pine 
Low density? 96 94 2 97 89 8 1 0 1 
High density? 83 93 -10 81 84 a5 0 0 0 


lpercent of survival converted to arcsin V¥% survival for Statistical analysis. 
2From fumigation-seedbed-density interaction study (see table 5). 
*Differences significant at 95% probability level. 
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DISCUSSION, 
CONCLUSIONS 


Several years of trials have demonstrated that soil fumigation at the Coeur d'Alene 
and Savenac nurseries is a practical operation from the standpoint of pest control, 
growth stimulation, and increased survival potential. 


Weed and disease control have been best with methyl bromide-based fumigants and 
with Vapam, applied at medium to high rates. The dichloropropene-based fumigants were 
not effective enough to be considered practical. Late August or early September fumi- 
gation has proven more effective and more practical than spring fumigation. Fumigation 
at this time of year gives plenty of time to prepare the soil and to fumigate at the 
optimum temperature and moisture content. The nursery workload is relatively low at 
this time, so the extra job of fumigation is not a great hardship to the nurseryman. 
Most important, however, when conditions for sowing are favorable the following spring, 
the soil can be worked and the seed sown at the earliest possible date to gain the advan- 
tage of early germination and a long growing season. Spring fumigation proved opera- 
tionally difficult and resulted in stunted seedlings and no observable disease control. 


Both spring and fall fumigation substantially reduced weed populations during the 
first growing season, and reduced potential weeds by killing seed to a depth of at least 
9 inches. When compared to hand weeding, the more effective fumigants provided sub- 
stantial savings in weed control costs. 


Production was greater in effectively fumigated seedbeds, reflecting primarily the 
control of pathogenic fungi. Control of white grubs was observed 1 year and may have 
played a part in the observed effects in other years. Although nematodes were not 
abundant enough to be considered a problem, reduction of their population by fumigation 
could have contributed to the good results. Fumigation, by providing more plants per 
pound of seed, reduced the seed cost by substantial amounts, often exceeding the $300 
to $400 per acre fumigation expense. 


Soil fumigation with the methyl bromide-based fumigants has generally increased the 
size of seedling stock of Douglas-fir, western white pine, Engelmann spruce, and 
ponderosa pine. These effects of fumigation on the size of planting stock are, for the 
most part, beneficial since they have helped to reduce the time required to produce 
stock which is suitable for planting. A reduction of 1 year in production time is 
roughly equivalent to $3 to $4 per thousand seedlings or $3,000 to $4,000 per gross 
nursery acre. Since fumigation increases the plant density from a given amount of seed, 
a reduction in sowing rates is required to capitalize on the full effects of fumigation 
on plant size. 


Survival of 2-0 stock from fumigated seedbeds when "outplanted' into semi-controlled 
soil-moisture-stress levels was generally equal to or better than that of stock from 
unfumigated soil. Douglas-fir survival under moderate and severe soil moisture stress 
was Significantly improved by fumigation. In contrast, the survival potential of 
Coeur d'Alene grown 2-0 ponderosa pine was reduced by fumigation. However, fumigation 
has made it possible to raise suitable 1-0 ponderosa pine planting stock which survives 
field planting well and is probably not as severely affected by competition in the 
nursery beds as is the 2-year-old stock used in testing field survival of stock from 
the fumigation tests. 
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Headquarters for the Intermountain Forest and 
Range Experiment Station are in Ogden, Utah. 
Field Research Work Units are maintained in: 


Boise, Idaho 

Bozeman, Montana (in cooperation with 
Montana State University) 

Logan, Utah (in cooperation with Utah 
State University) 

Missoula, Montana (in cooperation with 
University of Montana) 

Moscow, Idaho (in cooperation with the 
University of Idaho) 

Provo, Utah(in cooperation with Brigham 
Young University) 
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